Background: Mild cognitive impairment (MCI) is a high-risk factor for Alzheimer's disease (AD). In the present study, we investigated the association of genetic polymorphisms of five genes (8-oxoguanine DNA glycosylase 1 (OGG1), bridging integrator 1 (BIN1), sortilin-related receptor 1 (SORL1), presenilin 2 (PSEN2) and nerve growth factor (NGF)) with MCI risk in a Xinjiang Uygur population. We also tested the relationship between the promoter methylation of genes OGG1 and dihydrolipoamide Ssuccinyltransferase (DLST) with MCI. Methods: This study involved 43 MCI patients and 125 controls. Genotyping was done by Sanger sequencing. DNA methylation assays used quantitative methylation-specific polymerase chain reaction. Results: We found that polymorphisms of five genes and the methylation of DLST and OGG1 genes were not associated with MCI (P > 0.05). Further subgroup analysis found that DLST hypomethylation was significantly associated with MCI in the carriers of apolipoprotein E (APOE) ε4 (P = 0.042). In the carriers of non-APOE ε4, DLST methylation levels were significantly lower in the male control group than in the female control group (p = 0.04). Meanwhile, among the non-APOE ε4 carriers younger than 75, OGG1 hypermethylation levels were significantly associated with MCI (P = 0.049). DLST methylation in female controls was significantly lower than that in male controls (P = 0.003). According to gender stratification, there was a significant positive correlation of fasting plasma glucose (FBG) and highdensity lipoprotein (HDL) with OGG1 methylation in the female controls (FBG: P = 0.024; HDL: P = 0.033). There was a significant inverse correlation between low-density lipoprotein and DLST methylation in male MCI (P = 0.033). There was a significant positive correlation between HDL and DLST methylation levels in the female controls (P = 0.000). Conclusions: This study was the first to discover that DLST promoter methylation interacted with APOE ε4 and thus affected the pathogenesis of MCI. In addition, OGG1 promoter methylation interacted with several other factors to increase the risk of MCI.
INTRODUCTION
Mild cognitive impairment (MCI) is a transitional phase between healthy cognitive aging and Alzheimer's disease (AD). 1 MCI is more likely to develop into AD than in the normal population. 2 The MCI population develops dementia at a rate of 10-15% per year, while the overall population develops 1-2% of dementia per year. 3 About 60% of MCI people develop AD within 10 years. 4 However, no effective treatment for dementia has been found. Therefore, how to diagnose and provide early intervention with MCI is receiving more and more attention.
In recent years, with the in-depth study of the pathogenesis of MCI, genetic factors have received extensive attention in the aetiology of MCI. Identification of a MCI-causing gene will undoubtedly bring new ways to prevent and treat this cognitive disorder. Recent studies have found that genetic polymorphisms are associated with MCI, [5] [6] [7] [8] while many previous studies have shown that bridging integrator 1 (BIN1), sortilin-related receptor 1 (SORL1), presenilin 2 (PSEN2) and nerve growth factor (NGF) and 8-oxoguanine DNA glycosylase 1 (OGG1) gene polymorphisms and protein phenotypes are associated with cognitive decline and nervous system degenerative disease. BIN1 affects cognitive function by regulating tau protein, 9 which regulates the transport and recycling of amyloid-β (Aβ) protein precursor protein in the pathogenesis of AD and MCI, 10 and its polymorphism is associated with decreased Aβ concentration in cerebrospinal fluid. [11] [12] [13] Mutations in the PSEN2 gene have been identified in association with early-onset AD (EOAD), and recent studies have found that it can also lead to Ca 2+ homeostasis, which in turn induces neurodegenerative diseases.
14 NGF plays an important role in the pathogenesis of AD. 15 In recent years, studies have found that treatment of AD with NGF can improve cognitive function and decrease the level of Aβ protein in cerebrospinal fluid. 16 OGG1 can degrade 8-oxoG, reduce its damage on DNA, and thus reduce the damage of oxidative stress on brain cells. 17 OGG1 begins to decline in activity at the MCI stage, which promotes the progression of MCI to AD. 18 However, there are relatively few studies on whether the above gene polymorphisms are associated with MCI. Epigenetics can modify aging and environmental factors. 19 DNA methylation is a major component of epigenetics involved in the pathophysiological processes of neurodegenerative diseases such as AD, other types of dementia, and cognitive decline. 20 Due to its relative stability and its ability to be directly regulated by underlying genetic sequences and environmental exposure, DNA methylation is thought to be a biomarker for brain-related diseases or disorders. 21 MCI is a precursor stage of AD, and cognitive function has been damaged to varying degrees. Its pathogenesis is affected by genetics and environment. 22 DNA methylation may play an important role in the development of MCI. 23 Our previous studies also found that DNA methylation of genes were associated with MCI. 24, 25 The ancestors of the Xinjiang Uygur population are Hui, and their bloodlines are mixed with Mongolian races and European races. 26 Therefore, the Chinese Uyghur bloodline composition is diversified, and there is a large genetic difference with the Chinese Han population. Moreover, the geographical environment, life and eating habits of Xinjiang in China are quite different from those in the inland areas of China, which may have an impact on the occurrence and development of diseases. Therefore, it is necessary to conduct genetic research in the Chinese Uyghur population. Therefore, in order to further explore the relationship between the above genetic polymorphisms and MCI, this study examined the relationship of five gene polymorphisms (OGG1 rs1052133, BIN1 rs744373, SORL1 rs1133174, PSEN2 rs8383 and NGF rs6330) and promoter methylation of OGG1 and dihydrolipoamide S-succinyltransferase (DLST) with MCI in a Xinjiang Uygur population. Our study provides a valuable evaluation of the role of these ADrelated genes in MCI in this unique ethnic population.
MATERIALS AND METHODS

Samples and clinical data
One hundred and sixty-eight Uygur participants aged between 50 and 95 years (43 MCI, 125 cognitively normal) were selected at epidemiological surveys in 2015 in Hotan, Xinjiang. The patients' detailed characteristics are shown in Table 1 . The epidemiology and related investigation were approved by the First Affiliated Hospital of Xinjiang Medical University Ethics Committee. All participants have provided their written informed consent.
All participants received neuropsychological tests to assess the level of cognition. Neuropsychological tests included: the Mini-Mental State Examination (MMSE), the Montreal Cognitive Assessment Form (MoCA), Activities of Daily Living (ADLs) Scale, the overall Deterioration Scale (GDS), the Clinical Dementia Rating (CDR), and Hachinski ischaemic score (HIS) screening. Diagnosis criteria: a clinical diagnosis of AD was established according to the criteria of the Diagnostic and Statistical Manual-IV (DSM-IV). 27 Exclusion criteria for the current study were: (i) those with mental illness; (ii) any brain dysfunction that can cause neurological diseases such as cerebral haemorrhage, cerebral infarction, Parkinson's disease (PD), intracranial tumours; (iii) depression; and (iv) patients with severe cardiopulmonary liver and kidney dysfunction, severe infectious diseases, severe endocrine disease patients and toxic encephalopathy patients.
The blood biochemical indicators (including total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL), low-density lipoprotein (LDL), glucose (GLU)) were detected by an automatic biochemical analyzer (Beckman Coulter, Brea, CA, USA) at the Medical Testing Center of the First Affiliated Hospital of Xinjiang Medical University. Blood pressure (including systolic blood pressure (SBP), diastolic blood pressure (DBP)) was measured using a uniform sphygmomanometer (Omron Corporation, Kyoto, Japan).
DNA preparation, genotyping and methylation assay Whole blood specimens were placed in tubes containing EDTA and stored at −80 C. Genomic DNA was extracted and dissolved in Tris-EDTA buffer, and then it was stored at −20 C. Polymerase chain reaction (PCR) was carried out in 40 μL containing 2 μL of each primer, 4 μL genomic DNA, 12 μL ddH 2 O and 20 μL 2X HotTaq Master Mix. PCR was performed in a Veriti 96-well thermal cycler (Applied Biosystems, Foster City, CA, USA).The reverse primers of PCR consisted of an initial melting step at 95 C for 10 min, 35 cycles (NGF, BIN1, and OGG1) or 37 cycles (PSEN2) or 40 cycles (SORL1), and a final extension step at 72 C for 2 min. The Table 2 . Genotyping was done using Sanger sequencing, gel electrophoresis and sequencing validation as shown in Figure 1 . DNA bisulphite conversion was done using the EZ DNA Methylation-Gold™ Kit (ZYMO RESEARCH, Orange County, CA, USA). Promoter methylation status of OGG1 and DLST were examined utilizing quantitative methylation-specific PCR (qMSP). Primer sequences of OGG1 and DLST qMSP are shown in Table 3 .
Statistical analysis SPSS 17.0 (SPSS Inc., Chicago, IL, USA) software was used for the statistical analysis. Comparison of demographical parameters between cases and controls was performed using Student's t-test for continuous variables and the χ 2 test for categorical data.
Spearman rank correlation test was used to analyze the associations between gene methylation and metabolic characteristics of MCI subjects. The 
RESULTS
General comparisons of the MCI group and control group in this study involved gender, age, hypertension, diabetes, blood lipids (TG, TC, HDL, LDL), smoking and drinking status ( Table 1 ). Our results indicated there was no significant difference in the above phenotypes between the two groups (P > 0.05).
In this study, the genotype and allele frequencies of the five single nucleotide polymorphisms (SNPs) were consistent with the Hardy-Weinberg test in the control and sub-grouped control. We found no significant difference in genotype and allele frequency distribution between the MCI group and the control group (P > 0.05, Table 3 ), and no significant difference in dominant model and recessive model (P > 0.05, Supplementary Tables 1 and 2 ). Further subgroup tests by gender, apolipoprotein E (APOE) ε4 and APOE protein phenotypes showed no significant association of the five SNPs with MCI (P > 0.05, Tables 4 and 5 ).
In addition, this study compared the differences in methylation levels of the DLST and OGG1 promoter regions in the MCI group and the control group (Fig. 2) . The results showed that the methylation levels of OGG1 and DLST genes were not significantly different between the two groups (P > 0.05).
DLST methylation in female controls was significantly lower than that in male controls ( Fig. 2 , P = 0.003). In the APOE ε4 subgroup, DLST methylation was significantly lower in MCI (Fig. 2 , P = 0.042). in the non-APOE ε4 subgroup, DLST methylation in the male controls was significantly lower than that in the female controls ( Fig. 2 , P = 0.04). In the non-APOE ε4 carrier younger than 75, OGG1 methylation was significantly increased in MCI (Fig. 2 , P = 0.049).
We also analyzed the correlation of DLST and OGG1 gene methylation levels with clinical phenotypes. Our results showed there was no significant positive correlation between the methylation levels of OGG1 and DLST genes and age (P > 0.05, data not shown). In the MCI group, DLST methylation levels were inversely correlated with LDL (Table 6 , r = −0.311, P = 0.048). Further analysis by sex showed there was a positive correlation of FBG and LDL with OGG1 methylation levels in the female controls (Table 6 , FBG: r = 0.294, P = 0.024; HDL: r = 0.278, P = 0.033). There was a significant inverse correlation between LDL and DLST methylation levels in the male MCI group (Table 6 , r = −0.455, P = 0.033). HDL was positively correlated with DLST methylation levels in the female control group (Table 6 , r = 0.492, P = 0.000).
Based on the above results, we further analyzed the interaction of SNPs of five genes. Our results showed that the best model was OGG1 methylation -BIN1 rs744373 -OGG1 rs1052133 -PSEN2 rs8383 -APOE rs7412 rs429358 (Table 7 , P = 0.001), indicating that the interaction of OGG1 promoter methylation with several other factors increased the risk of MCI.
DISCUSSION
The neuropathological changes in MCI partially overlap with those in AD. For example, neurofibrillary tangles (NFT) and neuritic plaques in the neocortex of the temporal lobe of AD patients can also be seen in MCI patients. 28 Oxidative DNA damage was also found to be significantly increased in brain tissue and peripheral blood lymphocytes of MCI patients, [29] [30] [31] which is consistent with DNA damage caused by oxidative stress (reactive oxygen species (ROS)) in the AD brains. 32 Therefore, we studied the methylation levels of DLST and OGG1, which are closely related to ROS. DLST is one of the three protein subunits of α-ketoglutarate dehydrogenase complex (KGDHC), and it is the major subunit that affects KGDHC activity. 33 KGDHC is a rate-limiting enzyme that mediates the oxidative decarboxylation of α-ketoglutarate in the tricarboxylic acid (TCA) cycle. Its decreased activity leads to a decrease in glucose metabolism in the brain, which in turn affects cognitive function. 34 Since abnormal glucose metabolism in the brain is a common feature of dementia and can occur several decades before the clinical symptoms of AD, [35] [36] [37] the DLST gene is one of the important candidate genes affecting cognitive function. In the present study, we found that the hypomethylation level of the DLST promoter interacted with APOE ε4 and was associated with the risk of MCI. We also observed that LDL might affect DLST promoter OGG1 degrades 8-oxoG to reduce its damage to DNA bases. 17 In MCI brains, the 8-oxoG content was significantly increased, and the activity of OGG1 was significantly decreased. 18 It has been found that OGG1 gene polymorphism mutations can alter OGG1 catalytic activity and cause DNA damage, eventually leading to cognitive impairment. 17 OGG1 hypermethylation has been found to be significantly associated with aging in mice. 38 Our study found that the hypermethylation level of the OGG1 promoter may DLST methylation -OGG1 methylation -BIN1 rs744373 -NGF rs6330 -OGG1 rs1052133 -PSEN2 rs8383 -APOE rs7412 rs429358 0.9538 0.5425increase the risk of MCI in the non-APOE ε4 carriers under 75 years of age. Our findings provided a molecular basis for further study of the role of DNA damage in the pathogenesis of MCI. However, our study did not find that BIN1 rs744373, SORL rs1133174, PSEN2 rs8383, NGF rs6330, OGG1 rs1052133 polymorphisms were associated with MCI in Chinese Uygur. This might also be due to a moderate sample size in the current study. Therefore, whether the above gene loci are related to MCI and whether there are ethnic differences need to be studied with larger sample sizes.
To further investigate whether DNA methylation interacts with SNPs, we interacted DLST and OGG1 methylation with the five polymorphisms. Our results indicated that the best model was OGG1 methylation -BIN1 rs744373 -OGG1 rs1052133 -PSEN2 rs8383 -APOE rs7412 rs429358, indicating that the interaction of OGG1 promoter methylation with several other factors might increase the risk of MCI.
The results of genetic association in this study differ from other research conclusions. Analysis of lifestyle, genetic background, cultural differences, and geographical differences may be the main reasons. Second, the sample size is limited. A larger sample size is needed later to verify our results. Third, older subjects usually have more underlying diseases. Although we have attempted to control confounding factors, unknown influencing factors might still exist. It is necessary to further expand the sample size and verify our findings in other ethnic groups.
This study found for the first time that DLST promoter methylation interacts with APOE ε4, which affects the pathogenesis of MCI. In addition, OGG1 promoter methylation interacts with several other factors to increase the risk of MCI.
